Muscular strength and endurance are key components of physical fitness and the basis for every physical activity. 1 Minimal levels of muscular strength and endurance are necessary to maintain the ability to perform activities of daily living and to maintain functional independence in old age and/or disease-related impairment. Age-and/or disease-related loss of muscle mass and strength can be the main reason for reduced everyday activity levels, mobility and participation and therefore decisively influences a patient's quality of life. Appropriate resistance training can improve the ability to develop muscular strength, even in old and very old people. 2 As a result of its positive impact on numerous health-related factors, dynamic resistance exercise is recommended as a component of comprehensive fitness programmes for people of all ages with or without cardiovascular disease. 3 Pollock et al. 4 published the first recommendations for resistance exercise in cardiac rehabilitation in 2000. These very cautious recommendations of low-to moderate-intensity dynamic resistance exercise focused solely on younger patients with coronary heart disease (CHD) and with a good exercise capacity. Until this time, resistance exercise had not been a focus in cardiac rehabilitation measures nor in the scientific evaluation of cardiac patients and therefore experience and evidence of the effectivity and/or the safety of its implementation in cardiac rehabilitation were rare. However, this paper opened up discussion of this field in cardiac rehabilitation and since then recommendations of resistance exercise have been part of every guideline and position paper on exercise-based cardiac rehabilitation. The growing experience and scientific evidence for the efficacy and safety of resistance exercise in different groups of cardiac patients, gained within the last two decades, have promoted this field, leading to the recommendation of dynamic resistance exercise as a part of an exercise regime for a broad group of cardiac patients, including those with chronic heart failure. 3, [5] [6] [7] Growing evidence and increasing therapeutic experience in this field have resulted in continual updates and adaptations of the recommendations for resistance training in cardiac rehabilitation. However, to date, no study has explicitly evaluated the safety aspects of resistance exercise in cardiac rehabilitation.
Resistance exercise prescriptions are based on dosage parameters, such as the intensity, number of repetitions and sets, frequency, and the rate of progression. Since the introduction of resistance exercise in cardiac rehabilitation, there have been a number of debates about the best intensity of exercise, searching for a balance between optimum efficacy and medical safety. This controversy is evident in clinical practice 8 as well as in the available study results, where the training intensity has been set between 30 and 80% of one repetition maximum (1RM), which makes it difficult to evaluate the overall results. [8] [9] [10] The former reluctance to implement resistance training in cardiac rehabilitation was mainly based on the caution that its performance may lead to an inadequate blood pressure response and/or other inadequate cardiovascular responses. However, an inadequate response can be avoided by taking into account influencing factors, such as the mode of exercise (the isometric/isotonic components), the amount of the muscle mass used, the exercise intensity, the number and speed/rhythm of repetitions, the duration of loading, the number of sets and the resting period between sets. [11] [12] [13] The Valsalva manoeuvre during resistance exercise causes a more pronounced increase in blood pressure and other inadequate cardiovascular responses. 13, 14 It is well known that high-intensity resistance exercise (70% 1RM) is more effective in increasing muscular strength and neural adaptations than low-intensity exercise. 15, 16 Exercising at a higher intensity is more effective in improving muscular strength in older adults. 17 In addition, the evaluation of resistance exercise performed at different intensities in terms of the blood pressure response, heart rate and cardiac output in cardiac patients shows that the influence of the number of repetitions and the load duration is more important than the intensity. 11, 18 If the cardiovascular demand is lower in high-intensity than low-intensity resistance exercises, then is it time to reconsider clinical practice and guidelines for cardiac rehabilitation?
To answer this important question, Hansen et al. 19 performed a systematic review to evaluate 'the impact of the intensity of a single dynamic strength exercise bout on blood pressure and cardiac output'. Six studies (n ¼ 76, with a wide age range), of which two evaluated patients with CHD (n ¼ 25) and one patients with hypertension (n ¼ 10), were included into the analysis. The results of all the studies confirmed the well-known blood pressure response to acute dynamic strength exercise with an increase in blood pressure and cardiac output. Interestingly, all but one study revealed a more pronounced increase in blood pressure during exercise with a low intensity and high repetition rate compared with exercise with a high intensity and low number of repetitions. Studies evaluating heart rate and cardiac output reported similar outcomes. These results were consistent for all age groups and in patients with or without cardiovascular disease. The results of this systematic review are important for the implementation of resistance exercise in cardiac rehabilitation. Nevertheless, the authors conclude that more studies, not only in patients with CHD but also in those with other cardiac diagnoses relevant for cardiac rehabilitation, are needed to validate these findings before an update of the guidelines is considered.
Current guidelines recommend the careful implementation of dynamic resistance exercise, starting with a familiarization at low intensity (<30% 1RM) and then an individualized progression up to 60% 1RM as a general recommendation. 7, 13 However, the latest published guidelines have opened the possibility of increasing the intensity up to 80% 1RM in selected patients. 7 Musculoskeletal comorbidities are common on admission to cardiac rehabilitation. 20, 21 In addition, an increasing deconditioning of the skeletal muscle with a reduction in muscle mass (sarcopenia) and muscle strength is to expected in elderly patients, 9, 21 in patients with diabetes mellitus 22 and in patients with a reduced left ventricular ejection fraction. 23 Furthermore, the majority of patients admitted to cardiac rehabilitation have no or little experience in resistance exercise and/or the use of the equipment. Therefore a familiarization process at low intensity (<30% 1RM) is essential at the beginning of the resistance exercise programme to avoid injury, to ensure a proper lifting technique without compensatory movements and without breath-holding. The guidelines recommend starting resistance exercise with 30-50% 1RM, giving the therapist the opportunity to individually adapt the programme to the patient's prerequisites and needs. Within an individually adapted progression, the intensity should be increased up to 60% 1RM and further up to 70-80% 1RM in selected patients. The recommendations deliver no timeline or percentage rate for this progression process. The guidelines only deliver corridors within which the resistance exercises are safe and effective and it is up to the therapist to decide where within this corridor the optimum intensity for the individual patient is set. The results from Hansen et al. 19 show that, with respect to the cardiovascular response, a progression to higher intensities could be of benefit to a broader group of patients and may even be associated with lower cardiovascular demand during resistance exercise. Nevertheless, we have to keep in mind that these results are based on only a few small studies with different protocols and populations and only 25 patients with CHD were included. We therefore need further studies before high-intensity resistance training can be generally recommended for all cardiac patients.
From the discussion around high-intensity aerobic interval training and its comparison with continuous aerobic training, we have learnt that at least some patients do tolerate higher exercise intensities than previously assumed and that exercising at a higher intensity results in a greater increase in exercise capacity in these patients. Nevertheless, we have also learnt that most patients are unable to reach and/or maintain the very high intensity recommended for the high-intensity interval protocol used for younger healthy people and therefore an individual adaptation of the protocol is necessary. 24 By contrast, the results of the SMARTEX study show that this high-intensity interval training mode should not be recommended in all groups of patients. 25 Analogue to the discussion of high-intensity aerobic interval training, the discussion about high-intensity resistance exercise should be guided by high-quality research that evaluates the acute response of different exercise intensities on the cardiovascular response in different groups of cardiac patients. 10 In addition, we need to carry out randomized controlled studies evaluating different resistance exercise protocols and their effect on muscular strength and neural adaptations, as well as metabolic adaptations in a broad group of cardiac patients. 10 These studies should also systematically document adverse events to report the safety aspects of such exercises. 10 This would help to improve the evidence in this field as well as the growing acceptance of dynamic resistance exercise as an additional exercise mode to aerobic exercises in cardiac rehabilitation regimes. A meta-analyses showed that a combined aerobic and resistance exercise regime was more effective in improving the peak work capacity (n ¼ 560; standardized mean difference (SMD) 0.30; 95% CI 0.12-0.48) and lower (n ¼ 675; SMD 0.60; 95% CI 0.32-0.89) and upper (n ¼ 320; SMD 0.52; 95% CI 0.30-0.75) body muscular strength than aerobic exercise alone. 10 
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